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ABSTRACT

A process for optimizing the rate of oxidation using halogen,
¢.g. chlorine donors to prevent the accumulation of unde-
sirable chlorinated by-products. The feed rate of a chlorine
donor 1s controlled for maintaining a desired ORP, the rate

of oxidation 1s suf

1cient to prevent the accumulation of the

undesirable by-products. Treatment removes the
by-products from the water and surrounding air by main-
taining continuous breakpoint halogenation conditions.
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FIG. 2
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AIR AND WATER PURIFICATION USING
CONTINUOUS BREAKPOINT
HALOGENATION

This 1invention 1s related to co-pending application Ser.
No. 09/260,810, entitled “Air and Water Purification Using
Continuous Breakpoint Halogenation and Peroxygenation™
the contents of which are herein imcorporated by reference.

FIELD OF THE INVENTION

This mvention relates to the maintenance of aquatic
facilities, and 1n particular, to the optimization of the feed
rate of an oxidizer/sanitizer to eliminate the accumulation of
undesirable halogenated compounds, thereby increasing,
water and air quality within such facilities.

BACKGROUND OF THE INVENTION

The use of closed recirculating water reservoirs for use by
the general public, for example, swimming pools, spas, hot
tubs, decorative fountains, cooling towers and the like, has
led to a variety of water quality problems. For instance,
improper chemical balances 1n the water can lead to various
types of contamination including bacterial and viral con-
tamination.

The use of chemical oxidizers/sanitizers 1s a fairly stan-
dard water sanitation method. Addition of so-called halogen
donor compounds, such as chlorine and bromine are effec-
five sanitizers so long as they are maintained at well defined
and constantly controlled concentration levels 1n the water.
It 1s important that the concentration of these chemical
sanitizers 1s not allowed to become too high which may

cause 1rritation to the users and damage to the water system.
Insufficient sanitizers result 1n a contaminated condition.

The difficulties 1n maintaining a proper balance of sani-
fizers may arise from numerous load factors that are ditficult,
if not impossible, to predict. For instance, 1n a pool the load
factor 1s typically caused by varying numbers of users. In hot
tubs the use of air jets and high water temperatures tend to
destroy or remove the sanitizer from the water. Cooling
fowers are subject to environmental conditions, such as
fluctuations 1n temperature. Indoor decorative fountains may
be affected by the air quality in the building, while the
fountain water can also affect the air 1n the building.

Various testing devices exist for determining the chemical
balance of the water of pools, spas and the like, for example,
colormetric chemical test kits are available that utilize liquid
droplets, test strips or tablets which dissolve in the water to
indicate a particular level or concentration of sanitizing
agents. By removing a test sample of water, for example via
a SCoOp or cup, a seemingly representative sample 1s deemed
to have been taken. A staining agent 1s then added by means
such as an eye dropper or the like. The degree of staining
relates to the amount of sanitizer 1in the water. The amount
of sanitizer present 1s determined by visually comparing the
degree of coloring of the test sample against a test scale
previously formulated. Further complicating the task of
maintaining sanitary conditions in such bodies of water 1s
the fact that studies now indicate there 1s little correlation
between the free halogen, e.g. chlorine, residual readings
which are normally used to monitor such bodies of water and
the actual bacteriological quality of the reservoirs them-
selves. Pool and spa maintenance officials have long gone
under the assumption that maintaining a free chlorine
residual of two milligrams per liter or two parts per million
will 1nsure a safe water condition. Thus, the parts per million
reading which 1s determined via the stain comparison, 1s
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actually a reflection of the sum of the free chlorine and
combined chlorine compounds such as chloramine which
arec present 1n the water. These combined chlorine deriva-
tives do not protect from bacteria and/or viral contamina-
tion. Additionally, since organic and chemical loading dras-
tically reduce the ability of free chlorine to overcome
bacteria, the available free chlorine test kits are of question-
able value unless the exact levels of organic contaminants
and the particular pH of the water being tested 1s known.

U.S. Pat. No. 4,752,740 suggests the use of monitoring
the oxidation-reduction potential (ORP) as a method of
measuring the sanitization levels of water. ORP defines the
potential of a sanitizer such as chlorine, bromine or ozone to
react with various contaminants. These compounds are
known as oxidizers and have the property of “burning off”
impurities 1n the water, for example, body wastes, algae and
bacteria. The use of an ORP sensor allows the pool main-
tenance engineer to measure the potential generated by the
active form of the sanitizer and not the mactive forms such
as the combined chlorine derivatives. Additionally, ORP
monitoring has an advantage in that 1t 1s an ongoing elec-
fronic process requiring no test chemicals or agents and
monitoring of sanitation levels 1s constantly performed as
opposed to being performed on some predetermined sched-
ule basis. Since the potential for disease transmission due to
organic loading 1s far more significant in public spas and
pools, use of ORP measurement could be of great benefit 1n
reducing the risk of contamination and disease transmission.

In accordance with standards set forth by the World
Health Organization 1n 1972, maintenance of an ORP level
of 650 millivolts 1s deemed to result 1n a water supply that
1s disinfected and 1n which viral inactivation is virtually
Instantaneous.

Chlorine 1s the most widely used oxidizer 1n the aquatic
industry, the primary use being for sanitation of the water in
pools and spas. Chlorine, being an oxidizer, 1s also involved
in oxidation reactions with organic and nitrogen based
substances such as urea, uric acid, amino acids etc. One of
the drawbacks of chlorine 1s the production of chlorinated
by-products which produce undesirable side effects such as
irritation of the eyes, sinuses, skin, foul smelling air, and
corrosion of air handling equipment.

Numerous attempts have been made at addressing this
problem. “Shocking” of the pool water requires dosing the
water with stoichiometric concentrations of chlorine to
oxidize these substances. One problem with this method is
that there cannot be any bathers present due to the excessive
concentrations of chlorine required to meet the stoichiomet-
ric levels needed when the undesirable substances have been
allowed to accumulate. Another 1ssue this method addresses
is the problem after the symptoms have appeared (i.e., high
combined chlorine, foul odors, etc.). Also, in many cases this
method fails to rid the water and air of these substances since
the concentration of chlorine required 1s at best a rough
estimate (incorporates measuring the combined chlorine in
the water). Measuring the concentration of combined chlo-
rine in the water does not take into consideration the
accumulated demand that 1s non-aqueous, e.g. accumulated
on the filter media, walls of the pools, etc. As the chlorine
levels rise, some of this accumulated demand 1s liberated,
thereby preventing the chlorine from reaching the necessary
stoichiometric levels. This prevents the water from reaching
“breakpoint™.

Ozone has been used as a side stream treatment to destroy
these undesirable substances. While 1t 1s an effective
sanitizer, ozone cannot be applied to the bulk water of the
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pool where the contaminants are being added. Furthermore,
since ozone cannot maintain a residual concentration 1n the
body of water, 1t cannot be used as a stand-alone treatment,
chlorine or bromine 1s used as the primary sanitizer. Besides
being expensive and often requiring extensive de-ozonation
equipment, €.g. as activated carbon, ozone destroys chlorine
by attacking the hypochlorite 1ons, thereby further increas-
ing operational and maintenance cost.

Bromine 1s sometimes used in place of chlorine because
of the belief that it does not produce the air fouling
by-products produced by chlorine. However, while bro-
mamines are not as volatile as chloramines, they do possess
an odor and irritate the eyes. Bromine also requires an
oxidizer such as chlorine or ozone to activate the bromide
ion. Operating costs tend to be high and 1t 1s often difficult
to maintain water quality since no easy methods are avail-
able for differentiating between free or combined bromine.
Also, hydantoin, an additive commonly used to pelletize the
bromine chlorine combination, reduces the oxidizing power
of the bromine as the hydantoin accumulates 1n the water.
This makes 1t more difficult to reduce the accumulation of
undesirable brominated compounds.

ORP 1s a qualitative measurement of the oxidation or
reduction power and has been used 1n aquatics since 1972
when the Stranco Company introduced these systems to the
industry. Despite the use of ORP controllers, the varying
load factors are difficult to 1nstantly react to and the control
of air and water quality continues to be a problem at indoor
aquatic facilities.

While ORP has been established as the primary indicator
for determining the 1nactivation rates of various bacteria and
viruses, dosing aquatic water with part per million (PPM)
measurement of chlorine has been the accepted method used
for meeting the oxidation needs of aquatic facilities. For
example, while 650 mv 1s commonly used as the minimum
required oxidation potential to ensure sanitized conditions in
a pool or spa, the health departments nevertheless requires

PPM levels of chlorine.

Despite maintaining health department levels of chlorine
and/or operating with ORP levels 1n excess of 650 mV,
following prescribed methods of superchlorination
(breakpoint chlorination) as described on the product litera-
ture and in the “Certified Pool Operators” (CPO) training
course, the problems resulting from ncomplete oxidation
are widespread.

Thus, if a method could be devised for reducing or
climinating impurities present 1n the air and water associated
with aquatic facilities while maintaining the required levels
of sanitization, a longfelt need would be realized.

SUMMARY OF THE INVENTION

This invention incorporates optimizing the rate of oxida-
fion using halogen donors to prevent the accumulation of
undesirable halogenated by-products, ¢.g. chloramines and
bromamines. By controlling the feed rate of a halogen donor
such as chlorine to maintain the desired ORP, the rate of
oxidation 1s sufficient to prevent the accumulation of the
undesirable by-products. Also, by incorporating this appli-
cation at an 1ndoor aquatic facility, the effects of poor air and
water quality can be reversed, thereby removing the
by-products from the air and water.

The process optimizes the ORP by incorporating the
necessary process control and feed equipment to sustain a
set-point thereby controlling the concentration of undesir-
able by-products 1n the water.

An objective of the invention i1s to eliminate volatile
halogenated compounds from water and air by maintaining
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a level of oxidation potential. Halogen feed rates can be
controlled to prevent or even reverse the accumulation of
combined halogen and other halogenated volatile com-
pounds which contaminate the air and water of aquatic
facilities, 1n particular indoor aquatic facilities.

Another objective of the 1nvention 1s to teach a process of
operating an aquatic facility under conditions of “Continu-
ous Breakpoint Halogenation™.

Yet another objective of the invention is to improve the air
quality around closed water systems by removal of haloge-
nated compounds through re-absorption followed by oxida-
tion thereof with, e.g. HOCL.

Other objectives and advantages of this mmvention will
become apparent from the following description taken in
conjunction with the accompanying drawings wherein are
set forth, by way of illustration and example, certain
embodiments of this invention. The drawings constitute a
part of this specification and include exemplary embodi-
ments of the present invention and illustrate various objects
and features thereof.

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 1s a diagrammatic representation of the process of
the 1nstant 1invention.

FIG. 2 1s a graphical representation of actual field con-
ditions at the facility described in Example 2 prior to
incorporating the teachings of the instant invention.

FIG. 3 1s a graphical representation of actual field con-
ditions at the facility described 1n Example 2 subsequent to
incorporating the teachings of the instant invention.

FIG. 4 1s a Circuit Diagram of the Air and Water Flow 1n
the test device according to Example 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

It 1s to be understood that while a certain form of the
ivention 1s 1llustrated, 1t 1s not to be limited to the speciiic
form or arrangement of parts herein described and shown. It
will be apparent to those skilled in the art that various
changes may be made without departing from the scope of
the mvention and the mvention 1s not to be considered
limited to what 1s shown 1n the drawings and described 1n the
specification.

Referring to FIG. 1, a typical indoor aquatic facility 1s
characterized. Water from the pool or spa flows past an ORP
sensor. Optionally, the water may further flow past a sensor
which measures total dissolved solids (TDS), temperature
and pH. Output from the ORP sensor 1s transmitted to a
controller which calls for the addition of a halogen donor
source to the pool water 1n accordance with selected process
parameters.

This mnvention incorporates optimizing the rate of oxida-
tion using halogen donors to prevent the accumulation of
undesirable halogenated by-products. By controlling the
feed rate of a halogen donor, ¢.g. gaseous chlorine, calcium
hypochlorite, sodium hypochlorite, lithium hypochlorite and
bromine or mixtures thereof, to maintain the desired ORP,
the rate of oxidation 1s maintained at a level sufficient to
prevent the accumulation of the undesirable by-products.
Also, by mcorporating this application in an indoor aquatic
facility, the effects of poor air and water quality can be
reversed, thereby removing the by-products from the air and
waler.

It has been demonstrated that by optimizing the ORP to
between 750-850 mV, preferably 760-800 mV, and by
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incorporating the necessary process control and feed equip-
ment to sustain this set-point, the rate of oxidation in the
water 1s sufficient to control the concentration of undesirable
by-products 1n the water. Furthermore, by sustaining these
conditions, the conditions of poor air and/or water quality
resulting from the presence of these undesirable by-products

can be reversed. In an alternative embodiment, total dis-
solved solids (TDS) and pH are simultaneously monitored.

This invention ensures a sustained high rate of oxidation
in the bulk water of the pool or spa despite the presence of
accumulated demand. It has been found that the undesirable
by-products cannot be sustained in an environment possess-
ing this level of oxidation potential, even with concentration
far exceeding that experienced 1n aquatic facilities.
Theretfore, by implementing this invention, the aquatic facil-
ity will be operating under conditions of “Continuous Break-
point Halogenation™.

By operating 1in accordance with the process conditions
described, the by-products produced during the initial step
of oxidation are not allowed to accumulate. The by-products
are an intermediate step 1 the continuing process of oxida-
tion. While these by-products are 1nitially produced, they are
not allowed to accumulate, and shortly thereafter, are
destroyed by the continued oxidation. By preventing the
accumulation of these volatile by-products, their respective
partial pressures are minimized, and the problems of poor air
quality are reduced or eliminated. Also, 1n aquatic facilities
that currently experience these problems, by implementing
this application, the problems of poor air quality resulting
from these halogenated compounds can be reversed through
re-absorption of the volatile chlorinated compounds, fol-
lowed by oxidation by, e.g. HOCL. The dynamics of the
re-absorption process proceed according to Henry’s Law of
Diffusion.

It has been demonstrated in both laboratory and field
testing that chloramines such as monochloramine have a
buffering effect on the ORP. Chlorine demand by definition
1s something that consumes chlorine over some period of
time. Chloramines require stoichiometric levels of
hypochlorous acid to 1nitiate oxidation. Unless the stoichio-
metric levels of HOCL are present, the chlorine 1s not
consumed by oxidation reactions.

While combined chlorine does not place a demand on the
chlorine until stoichiometric levels are achieved, 1t has a
buffering effect on the ORP value provided by the HOCL.
This buffering effect makes 1t more difficult to achieve ORP
levels of approximately 780-800 mYV, depending on the
concentration of combined chlorine, as long as combined
chlorine 1s present. By incorporating ORP control with a
set-point of 760-800 mV, chlorine 1s fed to the water until
the ORP 1s reached. As long as combined chlorine 1s present,
the value 1s difficult to reach. This buffering effect induces
the rise 1n free chlorine levels. At this point, the rate of
oxidation reactions increases, and the combined chlorine

and other chlorinated compounds are oxidized.

This development 1s important to the aquatics industry
since 1ts 1mplementation means chlorine feed rates can be
controlled to prevent or even reverse the accumulation of
combined chlorine and similar halogenated volatile com-
pounds which contaminate the air and water of aquatic
facilities, 1n particular indoor aquatic facilities.

EXAMPLE 1

A testing device as shown in FIG. 4 was designed and
built to stmulate the water and air environment of an indoor
aquatic facility. The system was designed to control the
following;:
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H,O temperature;

Air circulation rates;

A1lr exchange rates;

Water turnover rates (filtered water);
Water exchange rates

FIG. 4 represents a circuit diagram of air and water flow
through the test device.

Instrumentation for automatic monitoring and recording
of ORP and pH were incorporated.

A condenser was 1nstalled 1n the air circulation system.
The condenser allowed for scheduled sampling of the con-
densate.

A micro-fitration system was incorporated for precise feed
of various reagents for adjusting ORP, pH, etc.

The test device was 1nitially prepared for use by the
addition of water to 50% of the skimmer line. The tank
representing the surge pit was filled to 50%. The tank lid was
sealed.

Condensate samples were collected by chilling the air
prior to the air circulation pump. Condensate was collected
for 20 minutes, the measured sample was tested using
standard DPD methods for chlorine that incorporated a
HACH DR2000 spectrophotometer.

Laboratory grade ammonium chloride was used as the
nitrogen source for the generation of chloramines. A mea-
sured amount was added to the water of the test device. The
water and air circulation pumps were activated and adjusted
to achieve desired circulation and exchange rates.

A measured dosage of chlorine in the form of 5.25%
liquid bleach was added to the water to induce the formation
of combined chlorine. After providing sufficient contact
time, incremental dosages of bleach were added to achieve
and sustain the desired ORP of 800 mV.

Condensate and water samples were periodically tested
for free and total chlorine using standard methods. ORP and
pH readings were also recorded.

Table 1 1llustrates the rate of chloramine removal from the
air (and subsequent water). Sustaining the ORP at 800 mV
with addition of a halogen donor (chlorine), the concentra-
tion of chloramines in the air was continually reduced over
the test period. During the test period, the concentration of
chloramines 1n the water was sustained, but did not accu-
mulate. Mass balances support the destruction of chloram-
ines 1n the water equal to the rate of chloramine reduction in
the condensate. The absorption of chloramines by the water
follows Henry’s Law.

TABLE 1
Lapsed Time ppm combined ppm combined
(minutes) (water) (condensate)

0 1.57

25 1.18

70 0.56
130 0.20 3.12
2770 0.35 1.36

315 0.25
375 0.30 0.92

EXAMPLE 2

Field Trial

A 95,000 gallon indoor pool facility had experienced
chronic problems with air and water quality resulting from
high concentrations of chloramines 1n both the air and water.
The water treatment system incorporated an ORP controller
and used 12% liquid bleach as the oxidant and sanitizer.
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Superchlorination methods following industry standards
were frequently mcorporated 1n an attempt to reach break-
point conditions, thereby ridding the facility of poor air and
water quality. Complaints of skin irritation, rashes and
burning eyes were common. Based on operator log sheets,
combined chlorine levels were constantly =0.5 ppm even
after superchloriation.

Control of the water chemistry at the facility was initiated
in accordance with the teachings of the instant invention.
ORP and pH were automatically controlled and recorded and
a graphical representation of the results before and after
implementation of the mstant process are shown in FIGS. 2
& 3 respectively. The ORP set-point was 780 mV with a pH
setting of 7.5. Chlorine concentrations and feedrates were
controlled based on ORP. The free chlorine levels were
measured using standard DPD methods, and generally
ranged between 7-10 ppm while sustaining the targeted
ORP. After 7 days of operation, the combined chlorine
concentration 1n the pool water was recorded as 0.0 using
DPD calorimetric test. After 10 days, odors resulting from
the presence of chloramines had been eliminated. After more
than 4-months of continued operation the air remains free of
any chloramine associated odors; furthermore, the process
of superchlorination has been eliminated.

Although the mvention 1s described 1n terms of a specific
embodiment, 1t will be readily apparent to those skilled 1n
this art that various modifications, rearrangements and sub-
stitutions can be made without departing from the spirit of
the mvention. The scope of the mmvention 1s defined by the

claims appended hereto.
What 1s claimed 1s:

1. A process for removing volatile halogenated com-
pounds including chloramines and/or bromamines from the
air and treating a body of water 1n an indoor aquatic facility
comprising:

disposing an oxidation-reduction potential (ORP) sensor

in fluild communication with a body of water within
said facility;

continuously monitoring said body of water’s ORP;

comparing the monitored ORP to a set-point value cal-
culated to be within an effective range to permit oxi-
dation of said volatile halogenated compounds,
wherein the effective range of ORP 1s from 750

mv—-3850 mv;
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adding a halogen donor source 1n an amount and at a rate
sufficient to realize a monitored ORP within said range,
wherein said halogen donor source 1s selected from the
group consisting of calcium hypochlorite, sodium
hypochlorite, lithium hypochlorite, and mixtures
thereof;

regulating the rate of addition of said halogen donor
source to maintain the ORP within said effective range;

reabsorbing said volatile halogen compounds within said
body of water; and

oxidizing the reabsorbed compounds.

2. The process according to claim 1 further including the
step of monitoring pH.

3. A process for removing dissolved halogenated com-
pounds 1ncluding chloramines and/or bromamines from cir-
culating water systems comprising:

disposing an oxidation-reduction potential (ORP) sensor
in fluid communication with said closed circulating
water system,;

continuously monitoring the ORP of said system;

comparing the monitored ORP to a set-point value cal-
culated to be within an effective range to permit oxi-
dation of said halogenated compounds, wherein the
cifective range of ORP 1s from 750 mv—850 mv;

adding a halogen donor source 1n an amount and at a rate
sufficient to realize a monitored ORP within said effec-
tive range, wherein said halogen donor source 1is
sclected from the group consisting of calcium

hypochlorite, sodium hypochlorite, lithium
hypochlorite, and mixtures thereof; and

regulating the rate of addition of said halogen donor
source to maintain the ORP within said effective range;

wherein said halogenated compounds are continually oxi-
dized.

4. The process according to claim 3 further including the
step of monitoring and/or controlling pH.
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